The patterns of aortic and tricuspid valve motion in 50 patients with mitral valve prolapse were analyzed by wide-angle, phased-array, two-dimensional echocardiography. Twelve patients (24%) had redundant aortic leaflets bulging into the left ventricular outflow tract during diastole. Eight of 12 patients had aortic regurgitation and seven of 12 had M-mode echocardiographic evidence of aortic valve prolapse. One patient underwent mitral and aortic valve replacement, and the excised valves revealed marked myxomatous degeneration.
SUMMARY The patterns of aortic and tricuspid valve motion in 50 patients with mitral valve prolapse were analyzed by wide-angle, phased-array, two-dimensional echocardiography. Twelve patients (24%) had redundant aortic leaflets bulging into the left ventricular outflow tract during diastole. Eight of 12 patients had aortic regurgitation and seven of 12 had M-mode echocardiographic evidence of aortic valve prolapse. One patient underwent mitral and aortic valve replacement, and the excised valves revealed marked myxomatous degeneration.
Eight of 15 patients undergoing contrast echocardiography had tricuspid regurgitation (systolic reflux of contrast material into the inferior vena cava persisting for more than 10 beats), and prolapse in the septal leaflet or the anterior leaflet or both. A similar tricuspid valve pattern was noted in three of seven patients without tricuspid regurgitation. Tricuspid valve prolapse was identified in 20 patients (40%). Nine patients (18%) had combined prolapse of the mitral, aortic and tricuspid valves. In five patients with middiastolic highpitched murmurs recorded along the left sternal border, tricuspid valve prolapse was demonstrated. In one of these patients, the presence of pulmonary regurgitation was confirmed by intracardiac phonocardiography. We conclude that two-dimensional echocardiography is useful for evaluating patients with combined valvular prolapse syndrome.
IDENTIFICATION of patients with combined valvular prolapse has important clinical implications, because such patients appear to be more liable to become surgical candidates early in their lives than those with isolated mitral valve prolapse (MVP) syndrome. 13 Analysis of the clinical picture of MVP with or without coexistent lesions is essential for elucidating the etiology, prevalence and natural history of this syndrome.
To our knowledge, there is no single reliable technique to identify patients with combined valvular prolapse secondary to myxomatous degeneration. In the present study, we investigated the feasibility of using two-dimensional echocardiography to assess the patterns of aortic and tricuspid valve motion in patients with MVP.
Materials and Methods
Seventy-seven consecutive patients with twodimensional echocardiographic findings of idiopathic MVP were selected for study. These patients represent 4.8% of the 1600 patients who underwent twodimensional echocardiography between November 1978 and May 1980 at the Department of Clinical Laboratories, Keio University Hospital. Twentyseven of the 77 patients were excluded because suitable two-dimensional echoes for analysis of the aortic or tricuspid valves could not be obtained. The remaining 50 patients constituted the study group. There were 33 males and 17 females, ages 14-73 years (mean 30.8 years). All patients were referred from the outpatient clinic for routine echocardiography for evaluation of heart murmurs (17 patients), chest pain (15 patients), palpitation (12 patients), electrocardiographic abnormalities (four patients) or syncope (two patients). No patient had the stigmata of Marfan's syndrome. Idiopathic MVP was diagnosed by excluding MVP associated with atrial septal defect, rheumatic valvular disease or coronary artery disease. Patients with evidence of aortic root disease, i.e., aneurysm, aortitis or marked atherosclerosis, were excluded. Two-dimensional echocardiography was performed in the slight left lateral position with a commercially available, real-time, wide-angle, phased-array sector scanner (Toshiba SSH-1 IA). The images displayed in real-time at a rate of 30 frames/sec were recorded on a 3/4-inch video cassette for later analysis in real-time, slow-motion or frame-by-frame presentation. Individual frames of the videotape recording were photographed using a 35-mm camera. The study was begun with the transducer positioned in the parasternal area to record the long-axis view of the left ventricle for analysis of the patterns of aortic and mitral valve motion. The transducer was then rotated counterclockwise through a 30-45' angle to bring the echocardiographic beam through the long-axis of the right ventricular inflow tract4 for analysis of the tricuspid valve. In this orientation, the anterior and septal leaflets of the tricuspid valve could be imaged.' Diagnosis of MVP was made using the criteria proposed by Gilbert et al.' Anterior leaflet prolapse was characterized by an unusually large and redundant anterior leaflet that arched posteriorly and superiorly above the level of the mitral ring during systole. The point of mitral valve coaptation was displaced posteriorly and a small posterior leaflet could barely be identified throughout the systole in most cases. Prolapse of both the anterior and posterior leaflets was diagnosed when both leaflets bulged across the mitral ring into the left atrium. Similarly, posterior leaflet prolapse was indicated by superior motion of the leaflet above the mitral ring.
Contrast two-dimensional echocardiography was performed in 15 consecutive patients in the last 3 months of the study period by rapidly injecting 20 ml of precooled, preshaken saline into a superficial arm vein. The presence of tricuspid regurgitation was diagnosed when a systolic reflux of contrast material from the right atrium into the inferior vena cava was observed.6 Appearance of contrast material in the inferior vena cava during atrial contraction or early diastole was not considered to represent tricuspid regurgitation.7
For further analysis of the aortic and tricuspid valves, two-dimensional echocardiograms from 20 normal subjects with no evidence of heart disease and normal M-mode echocardiograms were reviewed. Ten of these subjects were young male medical doctors who were normal on physical examination. The other 10 were patients with suspected heart disease who had normal hemodynamics, left ventriculograms and coronary arteriograms on cardiac catheterization. M-mode echocardiography was performed conventionally in all subjects with an Aloka SSD-l 10 ultrasound recording device interfaced with a Honeywell strip-chart recorder. The left ventricular outflow tract was carefully scanned to demonstrate prolapsing aortic leaflets. Cardiac catheterization was performed in eight patients for evaluation of mitral and aortic regurgitation.
Results
Anterior mitral leaflet prolapse was diagnosed in 27 patients, prolapse of both the anterior and posterior leaflets in 21 patients, and posterior leaflet prolapse in two patients (table 1) . Phonocardiographic features of MVP, i.e., midsystolic click (five patients), late systolic murmur (five patients), midsystolic click with late systolic murmur (13 patients), or apical holosystolic murmur (12 patients) were found in 35 of 50 patients (70%) (16 with anterior leaflet prolapse, 17 lith prolapse of both leaflets and two with posterior leaflet prolapse). In eight of these 50 patients, diastolic murmurs after the second aortic sound were recorded, and the presence of aortic regurgitation was confirmed from characteristic diastolic mitral valve fluttering on the M-mode echocardiograms in all patients and byaortography in two patients. High-frequency middiastolic murmurs beginning approximately 0.1 second after the second aortic sound were recorded at the second to fourth interspace along the left sternal border in five patients. Clinical features of tricuspid regurgitation, i.e., increased v-wave on jugular pulse tracing, systolic liver pulsation or inspiratory augmentation of systolic murmurs, were not identified in any of the 50 patients.
Patterns and Prevalence of Aortic Valve Prolapse in MVP Syndrome
In 12 of 50 patients (24%), the aortic valve appeared redundant, but not restricted in systolic motion. During diastole, a body of closed leaflets clearly protruded into the left ventricular outflow tract across the aortic ring ( fig. 1 ). In addition, the point of coaptation descended toward the level of the aortic ring. These observations clearly contrasted with the thin appearance of the normal aortic valve with the closure point above the line of the aortic ring ( fig. 2 ). In 11 of these 12 patients, the right and noncoronary cusps were prolapsed, conforming to a "W' shape Eight of these 12 patients had aortic regurgitation. The pattern of aortic valve prolapse did not appear significantly different on two-dimensional echocardiography between those with (eight patients) and those without (four patients) aortic regurgitation. 28/38 (73.7%) NS Incidence of TVP 9/12 (75%) 11/38 (28&9%) p < 01-Aortic regurgitation 9/12 (75%) 0/38 (0%) Abbreviations: AVP = aortic valve prolapse; MVP -mitral valve prolapse; TVPtricuspid valve prolapse.
In contrast to the patients with isolated MVP, there were more males and a higher incidence of associated tricuspid valve prolapse among these 12 patients. Nine patients (18%) had prolapse of the mitral, aortic and tricuspid valves. In eight of 15 patients, tricuspid regurgitation was diagnosed by contrast echocardiography, alth ogh none of these patients had clinical evidence of regurgitation. A systolic reflux of contrast material into the inferior vena cava occurred for more than 10 cardiac cycles in these patients. The systolic patterns of the tricuspid valve in these patients are shown in figure 4 . Both the anterior and septal leaflets (six patients, fig. 4B ), the anterior leaflet (one patient, fig.  4C ), or the septal leaflet (one patient, fig. 4D ) appeared redundant and prolapsed beyond the level of the tricuspid ring during systole. Of the seven patients without echocardiographic evidence of trici.;spid regurgitation, four showed a normal systolic pattern of tricuspid valve closure ( fig. 4A ), i.e., the body of the leaflets never protruded into the right atriuim across the tricuspid ring and the coaptation point remained in the right ventricle throughout systole. Eight of 11 patients with tricuspid valve prolapse had tricuspid regurgitation, whereas all four patients without tri cuspid valve prolapse had no regurgitation. Tricuspid valve prolapse was identified in 20 patients (40%). Nine of these patients had associated aortic valve prolapse; the incidence was higher than in patients without tricuspid valve prolapse (nine of 20 vs three of 30, p < 0.01).
These findings indicate that the involvement of a second valve in patients with MVP, either aortic or tricuspid, could imply a higher prevalence for involvement of a third valve. Prolapse of the aortic or tricuspid valve was equally prevalent in the groups of MVP patients with and without phonocardiographic features of MVP (15 of 35 vs eight of 15).
Midsystolic Murmurs in Patients with MVP
All patients with middiastolic murmurs had tricuspid valve prolapse (patients 9, 16, 17, 21 and 22, table 1). In one patient, a diastolic sound mimicking an opening snap preceded the murmur (fig. 5A ). In three patients who underwent cardiac catheterization, including one with aortic valve prolapse (patient 9), aortic regurgitation as a possible cause of the murmur was excluded by aortography. The presence of tricuspid regurgitation was suggested in these patients by contrast echocardiography. However, in patient 17, intracardiac phonocardiography identified the pulmonic valve as the origin of the murmur (fig. 5B ). The intensity of the murmur was maximal at the right ventricular outflow tract immediately below the pulmonic valve and diminished as the catheter-tip microphone was withdrawn to the inflow tract ( fig. 6 ). No murmur across the tricuspid valve was recorded. Hence, pulmonary regurgitation appeared to be the likely cause of the diastolic murmur in this patient, although such an origin was not proved in the other four patients. The murmur might have originated from the redundant tricuspid leaflets in these patients.
Discussion
Since Reid et al.' described myxomatous degeneration of the aortic valve, aortic valve prolapse has been recognized as a cause of nonrheumatic aortic regurgitation. This abnormality can be seen in addition to, or independent of, MVP.1 3. 8 10 Until recently, however, the association of aortic valve prolapse with MVP has been considered uncommon." An M-mode echocardiographic study by Rippe et al.3 documents a 3% prevalence of possible aortic valve involvement in MVP (11 of 400). Four of these 11 patients had associated aortic regurgitation. In contrast, we found a surprisingly high prevalence of aortic valve prolapse (12 of 50, 24%) and aortic regurgitation (eight of 50, 16%) in the present study. It appears unlikely, however, that this relatively high percentage is attributed to a difference between the Japanese and American populations or the patient population studied, for Mardelli et al.'2 reported comparable results (15 of 75, 20%) using the same technique.
It appears that a lack of pathologic proof in the majority of patients with MVP and, more important, the lack of a standard for clinical diagnosis, have contributed to these inconsistent results. In addition, there have been no reliable methods for the clinical identification of combined valvular prolapse. Aortic valve prolapse could only be predicted in the presence of aortic regurgitation." 8 Although M-mode echocardiographic demonstration of prolapsed aortic valves in the left ventricular outflow tract without abnormal fluttering or shaggy appearance seems specific for aortic valve prolapse ( fig. 3) , it is only observed in patients with aortic regurgitation. The real prevalence might thus have PA been underestimated by conventional techniques and should be determined with this new technique based on two-dimensional echocardiography. Nevertheless, the true sensitivity and specificity of the diagnostic criteria used in the present study need to be evaluated with a larger population involving possible histopathologic proof of myxomatous degeneration at surgery or autopsy. Similarly, two-dimensional echocardiographic criteria for tricuspid valve prolapse have not been established. The parasternal approach to the long axis of the right ventricle appears optimal for analysing the tricuspid valve motion with reference to its attachment to the valve ring, although the posterior leaflet cannot be visualized with this approach. Protrusion of the body of the leaflet may not be specific for tricuspid valve prolapse secondary to myxomatous degeneration, since this finding is occasionally seen in patients with elevated right ventricular pressure, known to be associated with tricuspid regurgitation (primary pulmonary hypertension, mitral stenosis, pulmonary stenosis, etc). The prevalence of tricuspid valve prolapse in MVP, as determined from this finding in the present study, is, however, in agreement with previous angiographic studies, i.e., as many as 54% of cases with MVP.'9-23 Assessment of the posterior leaflet as well as the septal and anterior leaflets would probably provide maximal information as to the true prevalence of the tricuspid valve prolapse. Nevertheless, the clinical significance of tricuspid valve prolapse still remains to be established from follow-up studies, for none of these patients show clinical evidence of regurgitation.
The final implication of the present study is the possibility of pulmonic valve involvement as a manifestation of the combined valvular prolapse syndrome. Although we could not find direct evidence for a myxomatous pulmonic valve, the coexistent MVP and tricuspid valve prolapse strongly suggested an additional pulmonic valve prolapse with complicating pulmonary regurgitation. 
